D
U R I N G a program of investigations into the mechanisms involved in the production of complications associated with cerebral angiography using water-soluble iodinated contrast media, we detected both in vitro and in vivo changes of blood proteins, red blood cells and electrolytes. The magnitude of these changes varied directly with the concentration of contrast media in blood3 , G For complete evaluation of these findings it became necessary to know the concentrations of contrast media in the blood vessels leading to and from the brain both by volume and in grams of dry weight. A simple device designed for obtaining serial samples in rapid succession made it possible to determine serial concentration of contrast medium in the common carotid or vertebral arteries during the injection of angiography. The method and the values are reported below.
M e t h o d s a n d M a t e r i a l
The patients included in this study were undergoing arteriographic studies for evaluation of cerebral vascular disease. Samples of blood entering the brain through common carotid or vertebral arteries were studied in 7 patients, and of blood leaving the brain through the jugular bulb in 3 additional patients. The contrast medium used in all studies was 50 per cent sodium diatrizoate (Hypaque, Winthrop Laboratories).
In the studies of blood in carotid or vertebral arteries, 80 ml. of 50 per cent sodium diatrizoate were injected within ~.e sec. during retrograde brachial arteriography with a mechanical injector into a catheter whose opening was placed near the origin of the common carotid or vertebral artery on the right side, according to the technique of Seldinger. TM Six to 8 roentgen-ray exposures were made during the study. Blood was sampled by drawing it with a 50 ml. syringe into sterile narrow vinyl tubing* of known volume (usually ~4 ml.) at a steady rate (usually ~2 ml. per 1 see.) from a #18 needle placed in the carotid or vertebral artery (Fig. 1) . The tubing then was clamped at predetermined sites and cut into segments (usually 9 in., equal to ~ ml. each) which represented approximately equal units of time (usually 1 see.). The segments were of approximately equal volume with a -4-_ 5 per cent difference. Equal volumes of heparinized saline were used to flush the contents of the segments of tubing into test tubes which then were centrifuged to remove the cells. The supernatant was saved for the contrastmedium determination.
The venous blood samples (usually 3 ml. each) were taken at approximately 5-sec. intervals from the jugular bulb through a #18 spinal needle * PV-608, Clay Adams, New York, N. Y. with a pipetting outfit while 8 ml. of 50 per cent sodium diatrizoate were being injected into the ipsilateral common carotid artery.
The concentration of contrast medium in plasma was determined by a technique developed in our laboratory for this purpose. A yellow color was found to develop when a solution of sodium diatrizoate was mixed with an alcoholic solution of phosphotungstic acid. Two ml. of plasma were added to 4 ml. of 15 per cent phosphotungstic acid in ethanol, mixed, centrifuged, and the intensity of the color in the supernatant read at 270 m#. with a Beckman D U spectrophotometer. Standards were made from the same plasma by adding to it known amounts of 50 per cent sodium diatrizoate in quantities of 5 to 50 per cent volume by volume corresponding to 2.5 to 25 gm. of contrast medium per 100 ml. The supert B-D Cornwall continuous pipetting outfit. Becton, Dickinson, and Company, Rutherford, New Jersey. natant frequently became cloudy, so that it was necessary to make spectrophotometric readings as rapidly as possible after the centrifugation. Samples sometimes became cloudy so rapidly that they could not be read. Therefore, this technique cannot be recommended when only small amounts of material are available.
The quantity of contrast medium in samples of whole blood was estimated indirectly by using contrast medium to which Evans blue had been added (usually 1 ml. of 0.5 per cent solution per 30 ml. of sodium diatrizoate). It was assumed that the concentration of Evans blue in the blood samples was proportional to that of sodium diatrizoate. The samples of whole blood (usually 2 or 5 ml.) were diluted with double their volume of isotonic saline. The samples were centrifuged at 3000 rev./min, and the concentration of Evans blue was determined in the supernatant with a Beckman D U spectrophotometer at 625 m~. Standards were made by mixing the patient's whole blood with the same contrast medium and mixture of Evans blue that was used for arteriography, diluting this with the same amount of isotonic saline as the samples, and reading these in the spectrophotometerY ,3 R e s u l t s T h e q u a n t i t y of sodium diatrizoate in t h e c o m m o n carotid blood in a r e p r e s e n t a t i v e s t u d y during 1~ sec. is shown in Fig. ~. T h e blocks correspond to 1 sec. each. T i m e s of injection and r o e n t g e n -r a y exposures are indicated. I t is e v i d e n t t h a t the largest q u a nt i t y of c o n t r a s t m e d i u m occurred 1 sec. after t h e completion of t h e injection, a n d t h a t it The injection of contrast medium was started at the end of the 3rd see. and it was completed early in the 6th sec.
